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(57) ABSTRACT

According to one embodiment, an electrode 1s provided. The
clectrode includes an active material containing-layer. The
active material containing-layer includes active material
particles containing at least one selected from a niobium
titanium composite oxide and a composite oxide which 1s
expressed by the general formula LiMI, M2 Tig
M3 O, ... The active material particles include primary
particles having an average particle diameter 01 0.1 to 10 um
and secondary particles having an average particle diameter
of 1 to 30 um. A pore diameter distribution of the active
material contaiming-layer which i1s obtained by mercury
porosimetry has a first peak which has a maximum value
within a range of 0.01 to 2 um and a second peak which has
a maximum value within a range of exceeding 6 um and
equal to or smaller than 20 um. An intensity of the second
peak 1s 10 to U5 of an intensity of the first peak.
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ELECTRODE, NONAQUEOUS
ELECTROLYTE BATTERY, BATTERY PACK,
AUTOMOBILE, AND VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2015-182804,
filed Sep. 16, 2013, the entire contents of which are incor-
porated herein by reference.

FIELD

An embodiment of the present mvention relates to an
clectrode for a nonaqueous electrolyte battery, a nonaqueous
clectrolyte battery, a battery pack, an automobile, and a
vehicle.

BACKGROUND

A lithtum nonaqueous electrolyte battery has been widely
used as a battery with a high energy density in various fields
such as electric vehicles, power storage and information
devices. In accordance with this, there are increasing
requests from the market for nonaqueous electrolyte batter-
ies, and studies have been actively conducted.

Among them, there 1s a request for a high energy density,
that 1s, a large discharge capacity per unit mass or umit
volume of a lithium nonaqueous electrolyte battery, which 1s
used as a power source for an electric vehicle, 1in terms of its
application. Further, there 1s a request for a battery to be
capable of efliciently performing charge even in a case 1n
which a high current 1s instantly input to the battery 1n order
to recover the kinetic energy produced at the time of
deceleration. Further, there 1s a request for a battery to
ecnable high output, that 1s, to be capable of instantly
discharging a high current, conversely, at the time of start, at
the time of rapid start, and at the time of rapid acceleration
or the like. That 1s, there 1s a demand for a secondary battery
as a power source for an electric vehicle to have favorable
input and output characteristics i a short period of time as
well as a large capacity.

A carbon-based material has been widely used as a
negative electrode active material of this lithtum nonaque-
ous electrolyte battery. Recently, however, a focus has been
placed on a spinel-type lithium titanate, which has a higher
L1 mserting-and-extracting potential as compared to the
carbon-based material. There 1s no change 1n volume accom-
panying charge and discharge reactions in this spinel-type
lithium titanate, which 1s excellent 1n cycle characteristics.
In addition, this spinel-type lithium titanate has a higher
stability as compared to the carbon-based material since
there 1s a low possibility of generation of lithium dendrites,
and further, has a great advantage that thermal runaway 1s
hardly caused since the lithium titanate 1s ceramic.

On the other hand, a nonaqueous electrolyte battery which
uses a spinel-type lithium titanate as the negative electrode
active material has a problem that an energy density 1s low,
and accordingly, there 1s a request for a negative electrode
material with which a high capacity can be obtained. Thus,
studies have been conducted regarding a niobium titanium
composite oxide such as Nb, 110, which has a larger theo-

retical capacity per mass than the spinel-type lithium titan-
ate, L1,11.0,,.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an enlarged cross-sectional view 1llustrating an
example of an active material containing-layer according to
a first embodiment 1n an enlarged manner;

FIG. 2 1s a schematic cross-sectional view 1llustrating an
example of an electrode according to the first embodiment;

FIG. 3 1s a schematic cross-sectional view illustrating an
example of a nonaqueous electrolyte battery according to a
second embodiment;

FIG. 4 1s an enlarged cross-sectional view of a section A

of FIG. 3;

FIG. 5 1s a schematic view illustrating the vicimity of
boundaries among a positive electrode, a separator, and a
negative electrode 1n the nonaqueous electrolyte battery of
FIG. 3;

FIG. 6 1s a partially cut perspective view illustrating
another example of the nonaqueous electrolyte battery
according to the second embodiment;

FIG. 7 1s an enlarged cross-sectional view of a section B

of FIG. 6;

FIG. 8 1s a schematic perspective view illustrating an
example of an electrode group of the nonaqueous electrolyte
battery according to the second embodiment;

FIG. 9 1s an exploded perspective view 1llustrating an
example of a battery pack according to a third embodiment;

FIG. 10 1s a block diagram illustrating an electric circuit
of the battery pack of FIG. 9;

FIG. 11 1s a schematic cross-sectional view illustrating an
example of a vehicle according to a fourth embodiment;

FIG. 12 15 a pore diameter distribution curve of a negative
clectrode active material containing-layer of a negative
clectrode of Example 5; and

FIG. 13 1s a pore diameter distribution curve of a negative
clectrode active material containing-layer of a negative
clectrode of Comparative Example 3.

DETAILED DESCRIPTION

An electrode 1s provided according to an embodiment.
This electrode includes a current collector and an active
material containing-layer formed on the current collector.
The active material containing-layer includes active material
particles containing at least one selected from a niobium
titanium composite oxide and a composite oxide which 1s
expressed by the general formula LiMI, M2 Tig
M3 O, .,.s. The active material particles includes a primary
particles having an average particle diameter within a range
of 0.1 um to 10 um and a secondary particles having an
average particle diameter within a range of 1 um to 30 um.
A pore diameter distribution of an active material contain-
ing-layer which 1s obtained by mercury porosimetry has a
first peak which has a maximum value within a range of 0.01
um to 2 um and a second peak which has a maximum value
within a range of exceeding 6 um and equal to or smaller
than 20 um. An intensity of the second peak 1s Yio to 15 of
an 1ntensity of the first peak. In the above-described formula,
M1 1s at least one kind which 1s selected from a group
consisting of Sr, Ba, Ca, and Mg, M2 1s at least one kind
which 1s selected from a group consisting of Cs, K and Na,
M3 1s at least one kind which 1s selected from a group
consisting of Al, Fe, Zr, Sn, V, Nb, Ta and Mo, x 1s within
a range of 2=x=6, y 1s within a range of 0<y<l1, z 1s within
a range ol 0<z=6, and 0 1s within a range of -0.5=0=<0.5.

A nonaqueous electrolyte battery 1s provided according to
another embodiment. This nonaqueous electrolyte battery
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includes a negative electrode that includes the electrode
according to the embodiment, a positive electrode, and a
nonaqueous electrolyte.

A battery pack 1s provided according to another embodi-
ment. This battery pack includes the nonaqueous electrolyte
battery according to the embodiment.

An automobile 1s provided according to another embodi-
ment. This automobile includes the battery pack according
to the embodiment.

A vehicle 1s provided according to another embodiment.
This vehicle includes the battery pack according to the
embodiment.

Embodiments are explained below referring to drawings.
In the following descriptions, the same reference number 1s
applied to structural features having the same or similar
function throughout all drawings, and overlapped explana-
tions are omitted. Each drawing i1s a schematic view for
explaining the embodiment and promoting the understand-
ing thereof. Shapes, sizes and ratios 1n the drawing, accord-
ingly, may be different from those in a practical apparatus,
but they may be appropriately designed and changed con-
sidering the following descriptions and known technology.

First Embodiment

The electrode 1s provided according to the first embodi-
ment. This electrode includes a current collector and an
active material containing-layer formed on the current col-
lector. The active material containing-layer includes active
material particles containing at least one selected from a
niobium titanium composite oxide and a composite oxide
which 1s expressed by the general formula L1 M1, M2 Ti,
M3 O, ... The active material particles include a primary
particles having an average particle diameter within a range
of 0.1 to 10 um and a secondary particles having an average
particle diameter within a range of 1 to 30 um. A pore
diameter distribution of an active material containing-layer
which 1s obtained by mercury porosimetry has a first peak
which has a maximum value within a range of 0.01 to 2 um
and a second peak which has a maximum value within a
range of exceeding 6 um and equal to or smaller than 20 um.
An 1ntensity of the second peak 1s Yio to V5 of an intensity
of the first peak. In the above-described formula, M1 1s at
least one kind which 1s selected from a group consisting of
Sr, Ba, Ca, and Mg, M2 1s at least one kind which 1s selected
from a group consisting of Cs, K and Na, M3 1s at least one
kind which 1s selected from a group consisting of Al, Fe, Zr,
Sn, V, Nb, Ta and Mo, x 1s within a range of 2<x=6, vy 1s
within a range of 0<y<1, z 1s within a range of 0<z=6, and
0 1s within a range of —-0.5=0<0.5.

Each volume of the niobium titanium composite oxide
and the composite oxide expressed by the general formula of
LiM1, M2 T, M3.0,,,s can be changed according to,
for example, lithium insertion and extraction during charge
and discharge. The pore diameter distribution of the active
material containing-layer, which 1s obtained by mercury
porosimetry, has a first peak which has the maximum value
within the range of 0.01 to 2 um. In addition, the pore
diameter distribution of the active material contaiming-layer,
which 1s obtained by mercury porosimetry, has the second
peak which has the maximum value within the range of
exceeding 6 um and equal to or smaller than 20 um.
Therefore, 1t 1s possible to provide a spatial margin which
allows for a change 1n volume of the composite oxide. Thus,
it 1s possible to suppress breakage of the active material
contaiming-layer caused by the charge and discharge.
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Further, when the active material containing-layer con-
tains the active material particles, which contain the primary
particles having the average particle diameter within the
range of 0.1 to 10 um, and have a first peak which has the
maximum value within the range of 0.01 to 2 um, the
dispersibility of the primary particles of the active material
particles 1s high. Therefore, this active material containing-
layer has suflicient space for impregnation with the non-
aqueous electrolyte. That 1s, the active material containing-
layer indicating the pore diameter distribution 1s excellent 1n
impregnation property of the nonaqueous electrolyte.

In addition, the active material containing-layer contains
the active material particles, which contain the secondary
particles having the average particle diameter within the
range of 1 to 30 um, and have the second peak which has the
maximum value within the range of exceeding 6 um and
equal to or smaller than 20 um. The presence of this second
peak indicates that the active maternial containing-layer has
a plurality of pores which are formed of the secondary
particles. Fach pore diameter of the plurality of pores,
formed of the secondary particles, 1s large as compared to
that of a plurality of pores formed of the primary particles.
Heremafter, the plurality of pores formed of the primary
particles are referred to as a plurality of first pores, and the
plurality of pores formed of the secondary particles are
referred to as a plurality of second pores 1n this specification.

When the pore diameter distribution of the active material
containing-layer obtained by the mercury porosimetry has
the above-described second peak, and the intensity of the
second peak 1s Y10 to V5 of the intensity of the first peak, the
active material containing-layer 1s excellent in impregnation
property ol the nonaqueous electrolyte, and further, 1t 1s
possible to suppress occlusion of the pore caused by repeat-
ing charge and discharge. Although the reason therefor 1s not
clear, the inventors have considered 1t to be as follows.

In general, the ease of a pore being impregnated with the
nonaqueous electrolyte increases as a diameter of the pore
increases. Accordingly, the plurality of second pores are
casily impregnated with the nonaqueous electrolyte as com-
pared to the plurality of first pores.

The plurality of first pores are impregnated with at least
a part of the nonaqueous electrolyte with which the plurality
of second pores are impregnated. That 1s, the plurality of
second pores mediate the impregnation of the nonaqueous
clectrolyte to the plurality of first pores present 1n the
vicinity thereof. The above-described pomnt will be
described with reference to FIG. 1. FIG. 1 1s an enlarged
cross-sectional view illustrating an example of the active
material containing-layer 1n an enlarged manner. In FIG. 1,
4b represents the active material content, P1 represents a
single primary particle, P2 represents the secondary particle,
dc represents the first pore, and 4d represents the second
pore.

The first pore 4¢ 1s formed of a plurality of primary
particles P1. The second pore 44 1s formed of a plurality of
secondary particles P2. In the case when the active material
containing-layer 46 1s impregnated with the nonaqueous
clectrolyte, for example, the first pore 4¢ 1s impregnated
with the nonaqueous electrolyte from various directions.

Further, the first pore 4c¢ 1s easily impregnated with the
nonaqueous electrolyte in a case 1 which the plurality of
second pores 4d are present in the vicimity of the first pore
dc, as illustrated 1n FIG. 1 as compared to a case in which
the plurality of second pores 4d are not present. It 1s
considered that a reason thereof 1s because the nonaqueous
clectrolyte with which the plurality of second pores 44 are
also impregnated 1s supplied to the first pores 4¢. A battery
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in which the electrode including the active material contain-
ing-layer 1s provided as a negative electrode, for example, 1n
this manner 1s excellent 1n 1mpregnation property of the
nonaqueous electrolyte and thus, has excellent input and
output characteristics with a high current. 5

In this case, the nonaqueous electrolyte 1s supplied from
the plurality of second pores 4d to the first pore 4¢ even 1t
a byproduct 1s generated in the vicinity of the first pore 4¢
due to repeated charge and discharge. Thus, depletion of the
nonaqueous electrolyte 1n the negative electrode 1s sup- 10
pressed. That 1s, a battery which 1s provided with the
clectrode including this active material containing-layer has
an excellent cycle life characteristic.

From such reasons, the active material containing-layer 1s
excellent 1n 1mpregnation property of the nonaqueous elec- 15
trolyte, and further, 1t 1s possible to suppress the occlusion
of the pore caused by repeating the charge and discharge
when the active material particles contain the primary par-
ticles having the average particle diameter within the range
of 0.1 to 10 um and the secondary particles having the 20
average particle diameter within the range o1 1 to 30 um, and
the pore diameter distribution of the active material con-
taining-layer obtained by the mercury porosimetry has the
first peak, which has the maximum value within the range of
0.01 to 2 um, and the second peak, which has the maximum 25
value within the range of exceeding 6 um and equal to or
smaller than 20 um, and further, the intensity of the second
peak 1s V10 to 5 of the intensity of the first peak.

Therelore, the negative electrode as an electrode accord-
ing to the first embodiment can realize a nonaqueous elec- 30
trolyte battery which 1s excellent 1n mput and output char-
acteristics under a high current, and cycle life characteristic.

The plurality of second pores are impregnated with a large
amount of nonaqueous electrolyte in a case 1 which the
number of the plurality of second pores 1s excessively large; 35
for example, when the 1ntensity of the second peak 1s more
than %io of the intensity of the first peak. At this time, there
1s a possibility that 1t 1s diflicult to cause the plurality of first
pores to be impregnated with a suflicient amount of non-
aqueous electrolyte. 40

In addition, there 1s a possibility that the amount of
nonaqueous electrolytes supplied from the plurality of sec-
ond pores to the plurality of first pores 1s isutlicient 1n a
case 1n which the number of the plurality of second pores 1s
excessively small; for example, when the intensity of the 45
second peak 1s less than 5 of the intensity of the first peak.

Next, the negative electrode according to the first embodi-
ment will be described 1 more detail.

The pore diameter distribution of the active material
containing-layer obtained by mercury porosimetry has a first 50
peak which has the maximum value within the range of 0.01
to 2 um and a second peak which has the maximum value
within the range exceeding 6 um and equal to or smaller than
20 um. The first peak 1s a peak which has a maximum value
within, more preferably, a range of 0.09 to 0.4 um. The 55
second peak 1s a peak which has a maximum value within,
more preferably, a range of 6.1 to 15 um. In addition, the
intensity of the second peak 1s Yio to Y5 of the intensity of
the first peak, and preferably, this intensity ratio 1s s to V5.

It 1s preferable that a current collector be an aluminum foil 60
or an aluminum alloy foil. It 1s preferable that the current
collector has an average crystal particle diameter equal to or
smaller than 50 um. It 1s possible to drastically increase the
strength of the current collector when the average crystal
particle diameter 1s equal to or smaller than 50 um, and thus, 65
it 1s possible to obtain a high density electrode with high
pressing pressure, and to increase a battery capacity. In

6

addition, 1t 1s possible to prevent deterioration due to melting
and corrosion of the current collector in an over-discharge
cycle under a high temperature environment (equal to or
higher than 40° C.) when the average crystal particle diam-
cter 1s equal to or smaller than 50 um, and thus, 1t 1s possible
to suppress an increase of the impedance. Further, it 1s
possible to improve output characteristics, rapid charge, and
charge-and-discharge cycle characteristics. A more prefer-
able range of the average crystal particle diameter 1s equal
to or smaller than 30 um, and a still more preferable range
thereof 1s equal to or smaller than 5 um.

The average crystal particle diameter 1s obtained as fol-
lows. A constitution of a surface of the current collector 1s
observed with an optical microscope (100x), thereby obtain-
ing the number n of crystal particles existing within 1x1
mm. An average crystal particle area S 1s obtained from
S=1x10°n (um?®) using this n. An average crystal particle
diameter d (um) 1s calculated from the following Formula
(1) from the obtained value of S.

d=2(S/m)""* (1)

The average crystal particle diameter of the aluminum foil
or the aluminum alloy foil 1s affected by many factors such
as material composition, impurities, processing conditions,
heat treatment history, and heating conditions 1n annealing,
and thus, 1s adjusted during a manufacturing process by
considering the above-described factors.

A thickness of the aluminum foil or the aluminum alloy
fo1l 1s equal to or smaller than 20 um, and more preferably,
1s equal to or smaller than 15 um. It 1s preferable that a purity
of the aluminum foil be equal to or higher than 99%. It 1s
preferable to use an alloy containing an element such as
magnesium, zinc, and silicon as the aluminum alloy. On the
other hand, 1t 1s preferable that a content of a transition metal
such as 1ron, copper, nickel, and chromium be equal to or
lower than 1%.

The active material containing-layer may be formed on a
single surface of the current collector or formed on both
surfaces. In addition, the current collector can have a portion
whose surface does not carry the active material containing-
layer, and this portion can function as an electrode tab.

The active material containing-layer contains the active
matenal particles including at least one selected from a
niobium titanium composite oxide and composite oxide
which 1s expressed by the general formula L1 M1, M2 Ti,
M3 O, ... In the above-described formula, M1 1s at least
one kind which 1s selected from a group consisting of Sr, Ba,
Ca, and Mg, M2 1s at least one kind which 1s selected from
a group consisting of Cs, K and Na, M3 1s at least one kind
which 1s selected from a group consisting of Al, Fe, Zr, Sn,
V, Nb, Ta and Mo, x 1s within a range of 2=x=6, y 1s within
a range of O<y<1, z 1s within a range of 0<z=6, and 0 1s
within a range ol —0.5=0=<0.5. One kind of the element may
be used alone or two kind or more may be used 1n combi-
nation.

Examples of the miobium ftitantum composite oxide
include Nb,T10,, Nb,T1,0,,, Nb,,11,0,, Nb,,T10,,
Nb,,T10;,, Nb,T1,0, and the like. The nmiobium titanium
composite oxide may be a substituted nmiobium titanium
composite oxide wherein at least a part of Nb or 1 1s
substituted with a dopant. Examples of the substituted
clement can include V, Cr, Mo, Ta, Zr, Mn, Fe, Mg, B, Pb,
and Al. One kind of the element may be used alone or two
kind or more may be used in combination. The active
material particles may contain one kind of the niobium
titanium composite oxide, or a plurality of kinds of the
niobium titanium composite oxide. It 1s preferable 1f the
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niobium titanium composite oxide contains a titanium com-
posite oxide, Nb,T10, having a monoclinic structure in a
case¢ 1 which the active material particles contain the
niobium titanium composite oxide.

The active matenal particles contain a single primary
particle and secondary particle 1n which the primary par-
ticles are aggregated. The average particle diameter of the
primary particles 1s within the range of, for example, 0.1 to
10 um, and preferably within a range of 0.5 to 5 um. The
average particle diameter of the secondary particles 1s within
the range of, for example, 1 to 30 um, and preferably, within
a range of 3 to 15 um. The distribution of the nonaqueous
clectrolyte 1s biased to the negative electrode side when the
average particle diameter of the primary particles 1s exces-
sively small, and there 1s a risk of depleting the nonaqueous
clectrolyte 1n the positive electrode. The volume of a gap
between the active material particles increases when the
average particle diameter of the primary particles 1s exces-
sively large, there 1s a possibility that electrical resistance
1ncreases.

It 1s preferable that the active material particles include
carbon-containing layers with which at least a part of a
surface of the primary particles or the secondary particles 1s
coated. The carbon-containing layer can be formed using,
for example, a carbon material, a graphite material or the
like. When the active material particles include the carbon-
containing layer, electron conductivity 1s improved, and
input and output characteristics under a high current are
turther improved. In addition, an electrode containing the
active material particles including the carbon-containing
layers can suppress generation of overvoltage, and thus, it 1s
possible to realize a nonaqueous electrolyte battery having a
more excellent cycle life characteristic.

The active matenal particles may contain another active
material particles which 1s different from niobium titanium
composite oxide, and also different from the composite
oxide expressed by the general tormula Li M1, M2 Tiq
M3 O,,.-. Examples of other active material particles
include spinel-type lithium titanate L1,11.0,,, an anatase-
type titanmium dioxide particle, and a monoclinic p-titanium
dioxide, T10, (B).

A content of the other active material particles 1s less than,
for example, 50 mass % with respect to a total mass of the
active maternial particles 1n a case in which the active
material particles contain another active material particles
which 1s different from the niobium titanium composite
oxide and also diflerent from the composite oxide expressed
by the general formula L1 M1, M2 Tisz M3 0, s.

A specific surface area according to the BET method
using adsorption of N, of the active material 1s within a
range of, for example, 1 to 30 m*/g, and preferably, within
a range of 5 to 15 m*/g. An active material particles having,
a specific surface area within the range of 1 to 30 m*/g can
have suflicient area to contribute to the electrode reaction,
and can realize an excellent high current discharge charac-
teristic. In addition, the active maternial particles having a
specific surface area within the range of 1 to 30 m*/g can
adequately perform a reaction between the electrode and the
nonaqueous electrolyte, and suppress a deterioration 1n the
charge-and-discharge efliciency or generation of gas during
storage. Further, an active material containing-layer that
contains the active material particles having a specific
surface area within the range of 1 to 30 m*/g can suppress
biasing of the distribution of the nonaqueous electrolyte
toward the electrode.

The effective area contributing to the electrode reaction 1s
small when the specific surface area is less than 1 m*/g, and
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there 1s a risk that the high current discharge characteristic
deteriorates. On the other hand, the level of reaction between
the electrode and the nonaqueous electrolyte increases when
the specific surface area exceeds 30 m”/g, and thus, there is
a risk of inducing deterioration in the charge-and-discharge
clliciency or generation of a gas during storage.

The active material containing-layer can further contain a
conductive agent. The conductive agent can enhance elec-
tron conductivity and current-collecting performance of the
active material containing-layer, and further, can reduce a
contact resistance between the active material containing-
layer and the current collector. A carbon-based material, for
example, acetylene black, coke, carbon black, graphite or
the like can be used as the conductive agent. It 1s preferable
that the average particle diameter of the conductive agent be
equal to or larger than 0.05 um 1in order to effectively
suppress the generation of gas, and be equal to or smaller
than 20 um 1n order to construct a favorable conduction
network. It 1s preferable that the specific surface area of the
conductive agent b be equal to or larger than 5 m*/g in order
to construct a favorable conduction network, and be equal to
or smaller than 100 m*/g in order to effectively suppress
generation of a gas.

The active material containing-layer can further contain a
binder. The binder can fill the gap between the active
maternal particles and bind the active material particles and
the conductive agent. Polyvinylidene fluoride (PVdF), or
acrylic rubber, acrylic resin, styrene-butadiene-based rubber,
a cellulose-based binder, for example, which has an average
molecular weight of from 2x10° to 20x10°, can be used as
the binder. A more preferable average molecular weight 1s
from 5x10° to 10x10°. Examples of the cellulose-based
binder include carboxymethyl cellulose and hydroxypropyl
methylcellulose.

It 1s possible to set a peel strength between the current
collector and the active material contaiming-layer to be equal
to or more than 0.005 N/mm using a PVdF with a molecular
weight within the above-described range, which causes
improvement in high current characteristic. Although 1t 1s
possible to obtain a suflicient peel strength when the average
molecular weight exceeds 20x10°, the viscosity of a coating
solution 1increases too much, and accordingly, 1t 1s diflicult or
impossible to adequately perform the coating.

Meanwhile, a zeta potential of the active material particles
changes depend on a pH of the slurry 1n which the active
material particles are dispersed. It 1s preferable that the pH
of the slurry be away from an 1soelectric point at which the
zeta potential of the active matenal particles included 1n the
slurry becomes 0 V. In this manner, individual active mate-
rial particles have repulsive zeta potentials, and thus, the
active maternial particles are hardly aggregated. On the other
hand, the active material particles are easily aggregated
when the pH of the slurry 1s near the isoelectric point.

The 1soelectric point of the zeta potential 1n water, for
example, 1s present near a pH of 2.0 to 4.5 1 the case of a
monoclinic niobium titanium composite oxide, and near a
pH of 10 to 12 1n the case of a composite oxide expressed
by the general formula L1 M1, M2 11, _M3.0, , .

For example, the pH of the slurry 1s preferably within a
range of 7.0 to 9.0, and more preferably, within a range of
7.0 to 8.0. When the pH 1s excessively low, dispersibility of
the active material deteriorates, and further, a SUS part of
the coating device 1is corroded which 1s not preferable.
When the pH 1s excessively high, there 1s a possibility that
the aluminum foil of the current collector 1s corroded.

The pH of the slurry changes depending on the compo-
sition of active material particles included 1n the active
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material containing-layer. Alternatively, the pH of the slurry
of the electrode changes depending on a kind or amount of
the conductive agent, the binder or the like.

For example, the niobium titantum composite oxide acts
as an acid in water. Therefore, slurry mainly containing the
niobium titantum composite oxide tends to have a pH of
weakly acidic to neutral level. On the other hand, the
composite oxide expressed by the general formula L1 M1, _
M2 Tig M3,0,, s typically acts as a base in water. There-
fore, a slurry mainly containing the composite oxide
expressed by the general formula of LiMI, M2 Tig
M3 O, ,.s tends to have a weakly basic pH.

In addition, for example, some of the conductive agents
and the binders are acidic and others are basic 1n water.

Accordingly, the pH of the slurry 1s close to the 1soelectric
point of the active material particles depending on the
composition of the slurry. In this case, it 1s preferable to set
the pH of the slurry to a direction away from the pH of the
1soelectric point described above by using a pH adjusting
agent or suitably changing each kind and amount of the
conductive agent and the binder.

Sodium carbonate, sodium hydroxide, calcium oxide,
calctum hydroxide, calcium carbonate, and magnesium
hydroxide can be exemplified as the pH adjusting agent
which 1s basic in water. Among them, sodium carbonate
rapidly reacts, and 1s easily available, which 1s preferable.
Sulfuric acid, hydrochloric acid, nitric acid, phosphoric acid,
acetic acid, and the like can be exemplified as the pH
adjusting agent which 1s acidic in water.

Incidentally, a binder such as carboxymethyl cellulose,
styrene-butadiene rubber 1s most stable near a pH of 7.0.
When the pH of the slurry 1s too low or high, the viscosity

of carboxymethyl cellulose decreases or styrene-butadiene
rubber 1s corroded, and the binding property deteriorates,
which 1s not preferable.

It 1s preferable that the blending ratio of the active
material particles, the conductive agent, the binder, and the
pH adjusting agent 1n the active material containing-layer be
within a range of the active material particles of 65 to 98
mass %, the conductive agent of 1 to 25 mass %, the binder
of 1 to 10 mass %, the pH adjusting agent of 0.1 to 2 mass
%, respectively. It 1s possible to obtain a high current-
collecting performance by setting the amount of the con-
ductive agent to be equal to or higher than 2 mass %, and
thus, 1t 1s possible to obtain an excellent high current
characteristic. On the other hand, it 1s preferable that the
amount of the conductive agent be equal to or lower than 20
mass % from a viewpoint of increasing capacity. In addition,
it 1s possible to set the peel strength to be equal to or more
than 0.005 N/mm by setting the amount of the binder to be
equal to or higher than 1 mass %. It 1s possible to obtain a
suitable viscosity of the coating solution and to perform
tavorable coating by setting the amount of the binder to be
equal to or lower than 6 mass %.

As described above, the pore diameter distribution of the
active material contaiming-layer obtained by mercury poro-
simetry has a first peak which has maximum value within the
range of 0.01 to 2 um and a second peak which has
maximum value within the range of exceeding 6 um and
equal to or smaller than 20 um. The first peak 1s a peak which
has a maximum value within, more preferably, a range of
0.09 to 0.4 um. The second peak 1s a peak which has a
maximum value within, more preferably, arange o1 6.1 to 15
um. In addition, the intensity of the second peak 1s 10 to 5
of the intensity of the first peak, and preferably, this intensity
ratio 1s & to 5.
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It 1s possible to achieve the above-described pore diam-
cter distribution by adjusting, for example, the pH of the
slurry of the negative electrode, the particle diameter of
acetylene black, the viscosity of carboxymethyl cellulose,
the particle diameter of styrene-butadiene rubber, and the
like. The peak intensity of the pore diameter distribution
tends to increase when the viscosity of carboxymethyl
cellulose aqueous solution increases, for example.

It 1s preferable that the density of the active material
containing-layer be equal to or higher than 2.4 g/cm’ and
lower than 2.9 g/cm®. A negative electrode which has a
density of the active material contaiming-layer of equal to or
higher than 2.4 g/cm” can have sufficient contact with an
clectron conduction path, and can realize excellent input and
output characteristics under a high current. In addition, 1t 1s
more preiferable that the density of the active material
containing-layer be lower than 2.8 g/cm”.

The pore diameter distribution of the electrode depends
on, for example, the particle diameter distribution and
blending amount of a substance having a particle shape
included 1n the active material containing-layer, a method of
preparing the slurry for manufacture of the electrode, a
pressing pressure ol a coating film, and the like.

The electrode can be manufactured by, for example,
suspending the active material particles, the binder, the
conductive agent, and the pH adjusting agent with a suitable
solvent to prepare a slurry, coating the surface of the current
collector with the slurry, drying the slurry to form the active
material contaimng-layer, and then, performing pressing. It
1s possible to adjust the pH of the slurry of the negative
clectrode using the above-described method. The electrode
may be manufactured by forming active maternial particles,
binder, and conductive agent 1n a pellet shape to form the
active material containing-layer, and arranging the active
material containing-layer on the current collector.

Next, a description will be given regarding a method of
measuring the pore diameter distribution of the active mate-
rial containing-layer obtained by mercury porosimetry, a
method of measuring the particle diameter of the active
material particles included 1n the active material containing-
layer, and a method of measuring the pH of slurry.

When the measurement 1s performed regarding the elec-
trode incorporated in the battery, the electrode 1s taken out
from the battery 1n the following order.

First, the battery 1s discharged to have a remaining
capacity of 0%. The discharged battery 1s put into a glove
box 1n an inert atmosphere. During this process, external
packaging of the cell 1s cut and opened while paying
attention not to cause any short circuit of the positive
clectrode and the negative electrode, just in case. During this
process, the electrode connected to a terminal on the nega-
tive electrode side 1s cut out 1n the case of the electrode being,
used 1n the negative electrode. The cut-out electrode 1s
washed 1nside a container filled with methyl ethyl carbonate
(MEC) while lightly performing shaking. Thereatter, the
clectrode 1s taken out, the taken-out electrode 1s put mto a
vacuum dryer, and methyl ethyl carbonate 1s blown out in
the dryer. Next, the electrode 1s taken out from the glove
box. A part of the taken-out electrode 1s immersed into pure
water and 1s lightly shaken such that powder 1s allowed to
settle. If an aqueous binder i1s used, the powder 1s more
peeled ofl from the electrode through this operation. If there
1s almost no change, the electrode 1s immersed 1nto N-meth-
ylpyrrolidone (NMP), and i1s lightly shaken in the same
manner such that powder 1s allowed to settle.
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<Method of Measuring Pore Diameter Distribution
According to Mercury Porosimetry>

Measurement of the pore diameter distribution of the
active maternal containing-layer according to mercury poro-
simetry 1s performed in the following procedure, for
example.

First, the electrode serving as an object to be measured 1s
divided into the active material containing-layer and the
current collector. A sample having a size of about 50x50 mm
1s cut out from the active material containing-layer separated
from the current collector. This sample 1s folded and taken
as a measurement cell, and 1s subjected to measurement
under conditions of an mitial pressure of 5 kPa (about 0.7
psia which corresponds to a pore diameter of about 250 um)
and a terminal pressure of about 60 thousand psia (which
corresponds to a pore diameter of about 0.003 um).

For example, Autopore 9520, manufactured by Shimadzu
Corporation can be used as the measurement device of the
pore diameter distribution. It 1s possible to obtain a volume
of pores and a mode diameter and a median diameter of a
gap Irom the pore diameter distribution according to mer-
cury porosimetry.

Incidentally, the principle utilized 1n analysis by mercury
porosimetry 1s the Washburn equation of Formula (1).

D=-4ycos 0/F Formula (1)

Herein, P indicates a pressure, D indicates a pore diam-
eter, v indicates a surface tension (480 dyne-cm™") of mer-
cury, and 0 indicates a contact angle between mercury and
a pore wall surface, that 1s, 140°. Since vy and 0 are constants,
the relation between the pressure P and the pore diameter D
1s obtained from Washburn’s equation, and it 1s possible to
derive the pore diameter and volume distribution by mea-

suring the volume of intruded mercury at that time.
<Method of Measuring Particle Diameter of Active Mate-
rial Particles>

The particle diameter of the active material particles can
be measured using a particle size distribution measuring,
instrument. Meanwhile, 1t 1s also possible to perform scan-
ning electron microscopy (SEM) of a surface or a cross
section of the electrode using a part of an electrode group
which has been taken out. When the secondary particles are
present, the particles are gathered to form a shape close to
a sphere. When such a shape 1s not present, 1t 1s considered
that particles thereof are only primary particles. A diameter
of the particle 1s determined using a scale of an SEM image
or using an SEM measuring function.

<Method of Measuring pH of Slurry>

Measurement of the pH of the slurry 1s performed as
tollows, for example. For example, F-74, manufactured by
Horiba, Ltd. 1s used. First, standard solutions having pHs of
4.0, 7.0 and 9.0 are prepared. Next, calibration of F-74 1s
performed using these standard solutions. A slurry of 100
ml., which 1s the object to be measured, 1s put mto a
container, and the pH thereotf 1s measured. A sensor unit of
F-74 1s washed after the measurement of pH. The above-
described procedure, that 1s, calibration, measurement, and
washing are performed whenever a slurry as the object to be
measured 1s measured.

Next, an example of the electrode according to the first
embodiment will be described with reference to FI1G. 2. FIG.
2 1s a schematic cross-sectional view illustrating the
example of the electrode according to the first embodiment.

An electrode 4 illustrated 1n FIG. 2 1s provided with a
current collector 4a and active material containing-layers 456
which are formed on both surfaces of the current collector

4a.
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The current collector 4a can be made of a strip-shaped
metal or alloy foil although both ends thereof are not

illustrated 1n FIG. 2.

The active matenal containing-layer 45 1s carried on the
current collector 4a. The active material containing-layer 456
contains the above-described active material particles.

The current collector 4a include parts (not illustrated) that
do not carry the active material containing-layer 45 on both
the surfaces thereof. These parts can function as the elec-
trode tab.

The electrode according to the first embodiment contains
the active material particles including at least one selected
from a niobium titanium composite oxide and a composite
oxide which 1s expressed by a general formula of L1 M1, _,
M2 Ti5 . M3,0,,,s. The active material particles contain
primary particles having an average particle diameter within
a range ol 0.1 to 10 um and secondary particles having an
average particle diameter within a range of 1 to 30 um. A
pore diameter distribution of an electrode active material
containing-layer which 1s obtained by mercury porosimetry
has a first peak which has a maximum value within a range
of 0.01 to 2 um and a second peak which has a maximum
value within a range of exceeding 6 um and equal to or
smaller than 20 um. The 1ntensity of the second peak 1s Yio
to 15 of the intensity of the first peak. This active material
containing-layer can obtain both an excellent impregnation
property of the nonaqueous electrolyte and an excellent
clectrical conduction between the active matenal particles,
and further, to prevent occlusion of pores and breakage of
the active material containing-layer caused by repeated
charge and discharge. As a result, the electrode according to
the first embodiment can realize a nonaqueous electrolyte
battery which 1s excellent in 1nput and output characteristics
under a high current, and cycle life characteristic.

Second Embodiment

A nonaqueous electrolyte battery 1s provided according to
the second embodiment. This nonaqueous electrolyte battery
includes a negative electrode that includes the electrode
according to the first embodiment, a positive electrode, and
a nonaqueous clectrolyte. Since the electrode has been
described 1n the first embodiment, the negative electrode
serving as the electrode herein will not be described.

The positive electrode 1s provided with a positive elec-
trode current collector and a positive electrode active mate-
rial containing-layer formed on the positive electrode cur-
rent collector.

The positive electrode active material containing-layer
may be carried on any one surface of the positive electrode
current collector, or carried on both surfaces of the positive
clectrode current collector. The positive electrode current
collector can have a portion whose surface does not carry the
active material containing-layer, and this portion can func-
tion as a positive electrode tab.

The positive electrode active material containing-layer
can contain positive electrode active material particles and a
conductive agent and a binder in an arbitrary manner.

The positive electrode can be manufactured by, for
example, suspending the positive electrode active material
particles, the binder, and the conductive agent in a suitable
solvent to prepare a slurry, coating the surface of the positive
clectrode current collector with the slurry, drying the slurry
to form the positive electrode active material containing-
layer, and then, performing pressing. The pH of the slurry of
the positive electrode may be adjusted similarly to the pH of
the slurry of the negative electrode described above. The
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positive electrode may be manufactured by forming the
positive electrode active matenial, the binder, and the con-
ductive agent 1n a pellet shape to form the active material
containing-layer, and arranging the positive electrode active
material containing-layer on the positive electrode current
collector.

The positive electrode and the negative electrode are
arranged such that, for example, the positive electrode active
material containing-layer opposes the negative electrode
active material containing-layer, and form the electrode
group. In this case, 1t 1s possible to arrange a material which
allows lithium 10ns to pass therethrough and cuts ofl elec-
tricity, for example, a separator between the positive elec-
trode active material containing-layer and the negative elec-
trode active material contaiming-layer.

The electrode group can have various structures. The
clectrode group may have a stacked structure or may have a
wound structure. The stacked structure i1s a structure in
which, for example, a plurality of negative electrodes and a
plurality of positive electrodes are stacked with the separator
interposed between the negative electrode and the positive
clectrode. The electrode group having the wound structure
may be, for example, a can-type structural body, which 1s
obtained by winding a member 1n which the negative
clectrode and the positive electrode are stacked with the
separator interposed therebetween, or a flat-type structural
body which 1s obtained by pressing this can-type structural
body.

It 1s possible to electrically connect the positive electrode
tab to a positive electrode terminal. It 1s possible to electri-
cally connect the negative electrode tab to a negative elec-
trode terminal. It 1s possible to configure the positive elec-
trode terminal and the negative electrode terminal to extend
from the electrode group.

The electrode group can be housed 1n a container member.
The container member may have a structure that enables the
positive electrode terminal and the negative electrode ter-
minal to extend to the outside thereof. Alternatively, the
container member may be configured to include two external
terminals such that each of the external terminals 1s electri-
cally connected to each of the positive electrode terminal
and the negative electrode terminal.

The nonaqueous electrolyte battery according to the sec-
ond embodiment 1s further provided with a nonaqueous
clectrolyte. The electrode group can be impregnated with the
nonaqueous electrolyte. In addition, the nonaqueous elec-
trolyte can be housed in the container member.

Hereinafter, a description will be given regarding a mate-
rial of each member that can be used in the nonaqueous
clectrolyte battery according to the second embodiment.

(1) Negative Electrode

It 1s possible to use the material that has been described
in the first embodiment as the negative electrode.

(2) Positive Electrode

It 1s possible to use various types of oxides, sulfides,
polymers, and the like as the positive electrode active
matenal particles. For example, manganese dioxide (MnQO, ),
iron oxide, copper oxide, and nickel oxide, which are
capable of containing lithium, a lithium manganese com-
posite oxide (for example, L1 Mn,O,, or L1 MnQO,), a lithtum
nickel composite oxide (for example, L1, Ni10O,), a lithium
cobalt composite oxide (L1, CoQO,) a lithium nickel cobalt
composite oxide (for example, LiN1,_ Co,O,), a lithium
manganese cobalt oxide (for example, LiMn,Co,_0O,), a
lithium manganese nickel composite oxide having a spinel
structure (L1, Mn,_Ni0O,), a lithium phosphorus oxide hav-
ing an olivine structure (L1 FePO,, LiFe, Mn PO,, Li-
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CoPO,, or the like), iron sulfate (Fe,(SO,);), vanadium
oxide (for example, V,0O.), and the like can be exemplified.
In addition, a conductive polymer material such as polya-
niline or polypyrrole, a disulfide-based polymer matenal,
and an organic material and an 1norganic material such as
sulfur (S) or carbon fluoride can be also exemplified. One
kind of the positive electrode active material may be used
alone or two kind or more may be used 1n combination.

A material with which a high battery voltage 1s obtained
can be exemplified as a more preferable positive electrode
active material for a secondary battery. For example, lithium
manganese composite oxide (Li Mn,O,), lithium nickel
composite oxide (L1, N1O,), lithium cobalt composite oxide
(L1,C00,), lithtum nickel cobalt composite oxide (L1 N1, _,
Co,0,), lithhum manganese nickel composite oxide having
a spimnel structure (LiMn, N1 O,), lithum manganese
cobalt oxide (LiMn,Co,_ O,), lithum iron phosphate
(L1, FePO,), and the like can be exemplified. Incidentally, it
1s preferable that x and v be within a range of 0 to 1.

In addition, the lithium nickel cobalt manganese compos-
ite oxide whose composition 1s expressed by L1 Ni, Co -
Mn O, (with molar ratios a, b, ¢ and d within the following
range: O=a=1.1, 0.1=b=0.5, 0=c=0.9, and 0.1=d=0.5) can be
used as the positive electrode active material particles.

It 1s preferable to use lithium 1ron phosphate, L1, VPO, F,
lithium manganese composite oxide, lithium nickel compos-
ite oxide, or lithium nickel cobalt composite oxide from the
viewpoint of cycle life at the time of using the nonaqueous
clectrolyte that contains an ambient temperature molten salt.
This 1s because the reactivity between the above-described
positive electrode active material particles and the ambient
temperature molten salt 1s low.

Examples of the conductive agent can include acetylene
black, carbon black, graphite, and the like.

Examples of the binder include polytetrafluoroethylene
(PTFE), polyvinylidene fluoride (PVdF), fluorinated rubber,
acrylic rubber, acrylic resin, and the like.

It 1s preferable that the blending ratio of the positive
clectrode active material particles, the conductive agent, and
the binder be within a range of the positive electrode active
maternal particles of 80 to 95 mass %, the conductive agent
of 3 to 18 mass %, and the binder of 2 to 17 mass %.

It 1s preferable that the positive electrode current collector
be an aluminum foil or an aluminum alloy foil. It 1s
preferable that the positive electrode current collector have
an average crystal particle diameter equal to or smaller than
50 um. It 1s possible to drastically increase the strength of the
positive electrode current collector when the average crystal
particle diameter 1s equal to or smaller than 50 um, and thus,
it 1s possible to obtain a highly dense positive electrode
using a high pressing pressure, and to increase a battery
capacity. A more preferable range of the average crystal
particle diameter 1s equal to or smaller than 30 um, and a still
more preferable range thereof 1s equal to or smaller than 5
L.

The average crystal particle diameter of the aluminum foil
or the aluminum alloy fo1l 1s affected by many factors such
as material composition, impurities, processing conditions,
heat treatment history, and heating conditions 1n annealing,
and thus, 1s adjusted during a manufacturing process by
accounting for the above-described factors.

A thickness of the aluminum foil or the aluminum alloy
fo1l 1s equal to or smaller than 20 um, and more preferably,
1s equal to or smaller than 15 um. It 1s preferable that the
purity of the aluminum foil be equal to or higher than 99%.
It 1s preferable to use an alloy containing an element such as
magnesium, zinc, and silicon as the aluminum alloy. On the
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other hand, 1t 1s preferable that the content of a transition
metal such as 1ron, copper, nickel, and chromium be equal
to or lower than 1%.

It 1s desirable that the density of the positive electrode
active material containing-layer be equal to or higher than 3
g/cm’. In this manner, it is possible to lower a resistance of
an mterface between the positive electrode and the separator,
and thus, 1t 1s possible to further improve the mnput and
output characteristic under a high current. In addition, it 1s
possible to promote diffusion of the nonaqueous electrolyte
by capillarity, and thus, it 1s possible to suppress the dete-
rioration in cycle caused by depletion of the nonaqueous
clectrolyte.

(3) Separator

It 1s possible to use a porous separator as the separator.
Examples of the porous separator can include a porous film
containing polyethylene, polypropylene, cellulose, or poly-
vinylidene fluoride (PVdF), non-woven fabric made of
synthetic resin, and the like. Among them, the porous film
made of polyethylene or polypropvlene, or the both, can
improve the stability of the secondary battery, which is
preferable.

The percentage of voids of the separator by the mercury
porosimetry 1s desirably 50% or more. The percentage of
voids 1s desirably 50% or more from the viewpoint of
improving maintenance of the nonaqueous electrolyte and
improving the input/output density. Also, the percentage of
voilds 1s desirably 70% or less from the viewpoint of
ensuring the satety of battery. A more desirable range of the
percentage of voids 1s 50 to 65%.

The median diameter and mode diameter can be deter-
mined from the pore diameter distribution of a separator by
the mercury porosimetry. Here, the mode diameter refers to
a peak top of a pore diameter distribution curve in which the
horizontal axis represents the pore diameter and the vertical
axis represents the frequency. The median diameter 1s a pore
diameter whose cumulative volume frequency 1s 50%.

When a median diameter of a gap of the separator
according to mercury porosimetry 1s set to be larger than the
mode diameter, there are many gaps having a large diameter,
and thus, 1t 1s possible to reduce a resistance of the separator.

As the separator 1s exposed under a high-temperature
environment, or exposed under a high-potential (oxidizing
atmosphere) environment, the resistance thereof increases.
That 1s, the resistance of the separator increases due to
deposition of reaction products (clogging of the separator)
accompanying degeneration of the separator 1tself and a side
reaction caused on the surface of the electrode, thereby
degrading the performance of the battery. At this time, when
a potential of the negative electrode 1s low, some decom-
position products generated at an interface between the
positive electrode and the nonaqueous electrolyte are likely
to deposited on the surface of the negative electrode.

The negative electrode, which contains the negative elec-
trode active material whose Li-inserting potential 1s equal to
or higher than 0.4 V (vs. Li/LLi%), has a high potential, and
thus, decomposition products are hardly precipitated on the
negative electrode side. Therefore, it 1s possible not only to
suppress the occlusion of gaps 1n contact with the negative
clectrode of the separator, but also, to suppress the occlusion
of gaps caused by degeneration of the separator 1tself. Thus,
even 1 the separator 1s exposed under a high-temperature
environment in a charged state for a long period of time, 1t
1s possible to remarkably suppress deterioration of the high
current performance.
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It 1s preferable to configure the separator such that the
mode diameter of the gap according to mercury porosimetry
1s from 0.05 um to 0.4 um. A more preferable range 1s from
0.10 um to 0.35 um.

It 1s preferable to configure the separator such that the
median diameter of the gap according to mercury porosim-
etry 1s from 0.1 um to 0.5 um. A more preferable range 1s
from 0.12 um to 0.40 um.

(4) Nonaqueous Electrolyte

A liquid nonaqueous clectrolyte can be used as the
nonaqueous electrolyte.

The liguid nonaqueous electrolyte can be prepared by, for
example, dissolving an electrolyte 1n an organic solvent.

As the electrolyte, for example, lithium salts such as
lithium perchlorate (Li1ClO,), lithium hexafluorophosphate
(L1PF ), lithtum tetratluoroborate (LL1BF, ), lithium hexafluo-
roarsenic  (L1AsF,), lithum trifluoromethanesulfonate

(L1CF;S0,), and lithium bis-trifluoromethyl sulfonylimide

(LiN(CF;50,),) can be cited.

It 1s preferable that the electrolyte be dissolved within a
range of 0.5 to 2.5 mol/L with respect to an organic solvent.

As the organic solvent, for example, cyclic carbonate such
as ethylene carbonate (EC), propylene carbonate (PC), and
vinylene carbonate (VC), chain carbonate such as dimethyl
carbonate (DMC), methylethyl carbonate (MEC), and
diethyl carbonate (DEC), cyclic ether such as tetrahydro-
furan (THF) and 2-methyltetrahydrofuran (2MeTHF), chain
cther such as dimethoxy-ethane (DME), v-butyrolactone
(BL), acetonitrile (AN), and sulifolane (SL) can be cited.
These organic solvents can be used singly or in combina-
tions of two or more.

An room-temperature-molten salt containing lithium 10ns
may be used as the liquid nonaqueous electrolyte.

The room-temperature-molten salt means a salt at least
part of which can exist 1n a liquid state at room temperature.
The term “room temperature” means a temperature range 1n
which power sources are assumed to usually operate. The
temperature range 1s, for example, from an upper limit of
about 120° C. or about 60° C., depending on the case, to a
lower limit of about —40° C. or about -20° C., depending on
the case.

A lithium salt with a wide potential window, which has

been generally used in nonaqueous electrolyte batteries, 1s
used as the lithium salt. For example, LiBF,, LiPF, LiClO,,

L1CF;S0O,;, LiN(CF;S0,),, LiIN(C,F.S0,), LiN(CFSC
(C,F.SO,), and the like are exemplified, but the lithium salt
1s not limited thereto. These materials may be used singly or
two or more kinds thereof may be mixed.

The content of the lithium salt 1s preferably 0.1 to 3.0
mol/L, and particularly preferably 1.0 to 2.0 mol/L.. When
the content of the lithium salt 1s 0.1 mol/L or more, the
resistance of the electrolyte can be decreased. Thereby, the
discharge performance of a battery under large-current/low-
temperature conditions can be improved. When the content
of the lithium salt 1s 3.0 mol/L or less, the melting point of
the electrolyte can be kept low, enabling the electrolyte to
keep a liquid state at room temperature.

The room-temperature-molten salt has, for example, a
quaternary ammomum organic cation or an imidazolium
cation.

Examples of the quaternary ammonium organic cation
include an 1imidazolium 10n such as an 1on of dialkylimida-
zoltum or trialkylimidazolium, a tetraalkylammonium 1on,
an alkylpyridium 1on, a pyrazolium ion, a pyrrolidinium 1on,
and a piperidinium 1on. Particularly, the imidazolium cation
1s preferable.
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Examples of the tetraalkylammonium 1on include, though
are not limited to, a trimethylethylammonium 1on, a trim-
cthylpropylammonium ion, a trimethylhexylammonium 1on,
and a tetrapentylammonium 1on.

In addition, examples of an alkyl pyridinium 10n include
an N-methyl pyridinium 1on, an N-ethyl pyridinium ion, an
N-propyl pyridinium 1on, an N-butyl pyridinium 1on, a
1-ethyl-2-methyl pyridinium ion, a 1-butyl-4-methyl pyri-
dinium 10n, a 1-butyl-2,4-dimethyl pyridinium 1on, and the
like, but this 1s not limiting.

The ambient temperature molten salt having a cation may
be used either singly or in combinations of two or more.

Examples of the imidazolium cation include, though are
not limited to, a dialkylimidazolium 1on, and a trialkylimi-
dazolium 10n.

Examples of the dialkylimidazolium 1on include, though
are not limited to, a 1,3-dimethylimidazolium 10n, a 1-ethyl-
3-methylimidazolium 1on, a 1-methyl-3-ethylimidazolium
ion, a 1-methyl-3-butylimidazolium 1on, and a 1-butyl-3-
methylimidazolium 1on.

Examples of the trialkylimidazolium 1on include, though
are not lmmited to, a 1,2,3-trimethylimidazolium 1on, a
1,2-dimethyl-3-ethylimidazolium 10n, a 1,2-dimethyl-3-pro-
pylimidazolium ion, and a 1-butyl-2,3-dimethylimidazolium
101.

The ambient temperature molten salts having a cation
may be used etther singly or 1n combinations of two or more.

Incidentally, the ambient temperature molten salt having,
these cations may be used singly, or the ambient temperature
molten salt, or two or more kinds thereof may be used
mixed.

(5) Container Member

As the container member, a container made of metal 01 0.5
mm or less in thickness or a container made of laminate film
of 0.2 mm or less 1n thickness can be used. As the container
made of metal, a metal can made of aluminum alloy, 1ron,
stainless or the like 1n an angular or cylindrical shape can be
used. The thickness of the container made of metal 1s
desirably set to 0.2 mm or less.

A multilayer film 1n which metal foil 1s coated with a resin
film can be used as the laminate film. As the resin, a
polymeric resin such as polypropylene (PP), polyethylene
(PE), nylon, and polyethylene terephthalate (PET) can be
used.

An alloy containing elements such as magnesium, zinc, or
silicon 1s desirable as the aluminum alloy constituting the
container made of metal. On the other hand, the content of
transition metals such as 1ron, copper, nickel, and chromium
1s desirably set to 1% or less. Accordingly, long-term reli-
ability and heat dissipation properties 1n a high-temperature
environment can remarkably be improved.

A metal can made of aluminum or aluminum alloy
desirably has the average crystal grain size of 50 um or less.
More desirably, the average crystal grain size 1s 30 um or
less. Still more desirably, the average crystal grain size 1s 5
um or less. By setting the average crystal grain size to 50 um
or less, the strength of the metal can made of aluminum or
aluminum alloy can remarkably be increased so that the can
be made thinner. As a result, a battery that 1s light and of hugh
power, excellent 1n long-term reliability, and suitable for
vehicle mounting can be implemented.

(6) Negative Electrode Terminal

The negative electrode terminal can be formed from a
material having electric stability and conductivity when the
potential with respect to a lithtum 10n metal 1s between 0.4
V and 3 V. More specifically, an aluminum alloy containing,
clements such as Mg, T1, Zn, Mn, Fe, Cu, and S1 and
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aluminum can be cited. It 1s desirable for negative electrode
terminal to use the same material as that of the negative
clectrode current collector to reduce the contact resistance.

(7) Positive Electrode Terminal

The positive electrode terminal can be formed from a
material having electric stability and conductivity when the
potential with respect to a lithtum 10n metal 1s between 3 V
and 5 V. More specifically, an aluminum alloy containing
clements such as Mg, T1, Zn, Mn, Fe, Cu, and S1 and
aluminum can be cited. It 1s desirable for positive electrode
terminal to use the same material as that of the positive
clectrode current collector to reduce the contact resistance.

Next, several examples of the nonaqueous electrolyte
battery according to the second embodiment will be
described 1n detail with reference to the drawings.

First, a description will be given regarding a nonaqueous
clectrolyte battery of Example 1 according to the second
embodiment.

FIG. 3 1s a schematic cross-sectional view of a first
nonaqueous electrolyte battery according to the second
embodiment. FIG. 4 1s an enlarged cross-sectional view of
a section A of FIG. 3. FIG. 5 15 a schematic view illustrating
the vicinity of boundaries among a positive electrode, a
separator, and a negative electrode 1n the nonaqueous elec-
trolyte battery of FIG. 3.

A nonaqueous electrolyte battery 10 of Example 1 1s
provided with a container member 1 and an electrode group
2 as 1illustrated 1n FIG. 3. In addition, the nonaqueous
clectrolyte battery 10 1s further provided with a nonaqueous
clectrolyte (not illustrated).

As 1llustrated 1n FIG. 3, the electrode group 2 1s housed
inside the container member 1 made of a laminate film, for
example. As 1llustrated in FIG. 4, the electrode group 2 has
a structure in which a stacked body obtained by stacking a
positive electrode 3 and a negative electrode 4 with a
separator 5 interposed therebetween 1s wound 1n a flat shape.
As 1llustrated 1 FIG. 4, the positive electrode 3 includes a
positive electrode current collector 3a and a positive elec-
trode active material containing-layer 36 which 1s formed on
at least one surface of the positive electrode current collector
3a. In addition, the negative electrode 4 includes a negative
clectrode current collector 4a and a negative electrode active
maternal containing-layer 456 which 1s formed on at least one
surface of the negative electrode current collector 4a. As
illustrated in FIG. 4, the separator 5 1s interposed between
the positive electrode active material containing-layer 35
and the negative electrode active material containing-layer
4b.

As shown 1n FIG. 5, the positive electrode active material
containing-layer 3b, the negative electrode active material
containing-layer 4b, and the separator 5 are porous. The
nonaqueous electrolyte 1s held 1n a void 3¢ positioned
between the particles of the positive electrode active mate-
rial P1 in the positive electrode active matenial containing-
layer 35, a void 4c¢ positioned between the particles of the
negative electrode active material P2 in the negative elec-
trode layer 4b, and a void 3a of the separator 5. The
separator 5 holding the nonaqueous electrolyte in the void
5a functions as an electrolytic plate. In these voids 3¢, 4c,
5a, a polymer having adhesive properties may be held
together with the nonaqueous electrolyte.

As shown in FIG. 3, a positive electrode terminal 6 is
connected to the positive electrode current collector 3a
positioned near the outermost circumierence of the electrode
group 2. The positive electrode terminal 6 has a band shape
and the tip thereof 1s drawn out from the container member
1. Also, a negative electrode terminal 7 1s connected to the
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negative electrode current collector 4a positioned near the
outermost circumierence ol the electrode group 2. The
negative electrode terminal 7 has a band shape and the tip
thereol 1s drawn out from the container member 1. The
positive electrode terminal 6 and the negative electrode
terminal 7 are drawn from the same side of the container
member 1 and the drawing direction of the positive electrode
terminal 6 and the drawing direction of the negative elec-
trode terminal 7 are the same.

The negative electrode current collector 4a may be posi-
tioned 1n the outermost layer of the electrode group 2 so that
at least a portion of the surface of the outermost layer 1s
coated with an adhesive portion. Accordingly, the electrode
group 2 can be bonded to the container member 1.

The nonaqueous electrolyte battery according to the sec-
ond embodiment 1s not limited to the configuration 1llus-
trated 1n FIGS. 3 to 5 described above, and can have a
configuration, for example, illustrated 1, FIGS. 6 and 7
which will be described hereinatter.

Hereinafter, a description will be given regarding a non-
aqueous electrolyte battery of Example 2 according to the
second embodiment with reference to FIGS. 6 and 7. FIG.
6 1s a partially cut perspective view of the nonaqueous
clectrolyte battery of another example according to the
second embodiment. FIG. 7 1s an enlarged cross-sectional
view of a section B of FIG. 6.

The second exemplary nonaqueous electrolyte battery 10
includes, as shown 1n FIGS. 6 and 7, the container member
1 and the laminated electrode group 2. Further, the second
exemplary nonaqueous electrolyte battery further includes a
nonaqueous electrolyte (not shown).

As shown 1n FIG. 6, the laminated electrode group 2 1s
housed in the container member 1 made of a laminate film.
The laminated electrode group 2 has a structure 1n which, as
shown 1n FIG. 7, the positive electrode 3 and the negative
clectrode 4 are alternately laminated by interposing the
separator 3 therebetween. There 1s a plurality of the positive
clectrodes 3 and each includes the positive electrode current
collector 3a and the positive electrode active material con-
taining-layer 36 held on both sides of the positive electrode
current collector 3a. There 1s a plurality of the negative
clectrodes 4 and each includes the negative electrode current
collector 4a and the negative electrode active material
containing-layer 45 held on both sides of the negative
clectrode current collector 4a. A portion 44 of the negative
clectrode current collector 4a of the negative electrode 4
protrudes from the positive electrode 3. The portion 44 does
not hold the negative electrode active material containing-
layer 4b on the surface thereof and can work as a negative
clectrode tab. As shown 1n FIG. 7, a plurality of negative
clectrode tabs 4d 1s electrically connected to the negative
clectrode terminal 7 1 a band shape. Then, the tip of the
negative electrode terminal 7 in a band shape 1s drawn out,
as shown 1n FIG. 6, from the container member 1. Though
not 1llustrated here, the positive electrode current collector
3a of the positive electrode 3 has a side positioned on the
opposite side of the negative electrode tab 44 of the negative
clectrode current collector 4a protruding from the negative
clectrode 4. A portion protruding from the negative electrode
4 of the positive electrode current collector 3a does not hold
the positive electrode active material containing-layer 35 on
the surface thereof and can work as a positive electrode tab.
A plurality of positive electrode tabs i1s electrically con-
nected to the positive electrode terminal 6 1n a band shape.
Then, the tip of the positive electrode terminal 6 in a band
shape 1s drawn out, as shown 1n FIG. 6, from a side of the
container member 1. The direction in which the positive
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clectrode terminal 6 1s drawn out from the container member
1 1s opposite to the direction 1n which the negative electrode
terminal 7 1s drawn out from the container member 1.

In the foregoing, the winding structure as shown in FIGS.
3 and 4 and the laminated structure as shown in FIGS. 6 and
7 are cited as the structure of an electrode group. To provide
a high level of safety and reliability, in addition to excellent
input/output characteristics, the laminated structure 1s desir-
ably adopted as the structure of an electrode group. Further,
to implement high large-current performance when used for
a long period of time, 1t 1s desirable to use by adopting the
laminated structure of an electrode group including the
positive electrode and the negative electrode and folding the
separator zigzag.

An example of an electrode group 1n which the laminated
structure 1s included and the separator 1s folded zigzag waill
be described below with reference to FIG. 8.

FIG. 8 1s a schematic perspective view illustrating an
example of an electrode group that can be included in the
nonaqueous electrolyte battery according to the second
embodiment.

An electrode group 2 according to a modified example
illustrated 1n FIG. 8 1s provided with a strip-shaped separator
5 which 1s folded 1n a zigzag shape. A rectangular negative
clectrode 4 1s stacked on the uppermost layer of the zigzag-
shaped separator 5. A rectangular positive electrode 3 and
the rectangular negative electrode 4 are alternately mserted
into spaces formed by the separators 5 facing each other. A
positive electrode tab 3d of a positive electrode current
collector 3a and a negative electrode tab 4d of a negative
clectrode current collector 4a protrude from the electrode
group 2 1n the same direction. In the electrode group 2
illustrated 1n FIG. 8, the positive electrode tabs 3d or the
negative electrode tabs 4d overlap each other, and the
positive electrode tab 34 and the negative electrode tab 44 do
not overlap each other 1n a stacking direction thereof.

The positive electrode tabs 3d of a plurality of the positive
clectrodes 3 in the electrode group 2 shown 1n FIG. 8 can be
joined to each other. Similarly, the negative electrode tabs 44
of a plurality of the negative electrodes 4 in the electrode
group 2 can be jomned to each other. A plurality of the
positive electrode tabs 3d joined to each other can electri-
cally be connected to, like the battery shown 1 FIGS. 6 and
7, a positive electrode terminal (not shown). Similarly, a
plurality of the negative electrode tabs 44 joimned to each
other can electrically be connected to, like the battery shown
in FIGS. 6 and 7, a negative electrode terminal (not shown).

FIG. 8 1llustrates the electrode group 2 including the two

positive electrodes 3 and the two negative electrodes 4.
However, the numbers of the positive electrodes 3 and the
negative electrodes 4 can freely be changed depending on
purposes and uses. In addition, the protruding directions of
the positive electrode tab 34 and the negative electrode tabs
dd trom the electrode group 2 do not need to be the same as
shown in FIG. 8 and may be directions forming, for
example, about 90° or 180° to each other.
The nonaqueous electrolyte battery according to the sec-
ond embodiment includes the electrode according to the first
embodiment. Thus, the nonaqueous electrolyte battery
according to the second embodiment can exhibit an excel-
lent input and output characteristic under a high current, and
an excellent cycle life characteristic.

Third Embodiment

The battery pack 1s provided according to the third
embodiment. This battery pack includes the nonaqueous
clectrolyte battery according to the second embodiment.
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The battery pack according to the third embodiment can
be provided with one or a plurality of the nonaqueous
clectrolyte batteries (unmit cells) according to the second
embodiment. The plurality of nonaqueous electrolyte bat-
teries included 1n the battery pack can also form a battery
module by being electrically connected to in series, in
parallel, or with a combination of series connection and
parallel connection. The battery pack may include a plurality
of battery modules.

The battery pack according to the third embodiment may
turther comprise a protective circuit. The protective circuit
has a function to control charging and discharging of the
nonaqueous electrolyte battery. Alternatively, a circuit
included 1n an equipment where the battery pack serves as
a power source (for example, electronic devices, vehicles,
and the like) may be used as the protective circuit for the
battery pack.

Moreover, the battery pack according to the third embodi-
ment may further comprise an external power distribution
terminal. The external power distribution terminal 1s con-
figured to externally output the current from the nonaqueous
clectrolyte battery, and to mput the current to the nonaque-
ous electrolyte battery. In other words, when the battery pack
1s used as a power source, the current 1s externally provided
via the external power distribution terminal. Also, when the
battery pack 1s charged, the charging current (including
regenerative energy caused by power of vehicles such as
automobiles) 1s provided to the battery pack via the external
power distribution terminal.

Next, an example of the battery pack according to the
third embodiment will be described with reference to the
drawings.

FIG. 9 1s an exploded perspective view of a battery pack.

FIG. 10 1s a block diagram showing the electric circuit of the
battery pack of FIG. 9.

A battery pack 20 shown i FIGS. 9 and 10 includes a
plurality of unit cells 21. The plurality of unit cells 21 is the
nonaqueous electrolyte battery 10 1n a flat shape described
with reference to FIGS. 3 to 5.

The plurality of unit cells 21 constitutes a battery module
23 by being laminated such that the positive electrode
terminal 6 and the negative electrode terminal 7 extending to
the outside are aligned in the same direction and fastened by
an adhesive tape 22. As shown 1n FIG. 10, these unit cells
21 are clectrically connected to each other in series.

A printed wiring board 24 1s arranged opposite to a side
surface of the battery module 23 from which the positive
clectrode terminal 6 and the negative electrode terminal 7
extend. As shown 1n FIG. 10, a thermistor 25, a protective
circuit 26, and an energizing terminal 27 as an external
power distribution terminal to external devices are mounted
on the printed wiring board 24. An insulating plate (not
shown) to avoid unnecessary connection to wires of the
battery module 23 1s mounted on the surface where the
printed wiring board 24 1s eppesr[e to the battery module 23.

A positive electrode lead 28 1s connected to the positive
clectrode terminal 6 positioned 1n the bottom layer of the
battery module 23 and the tip thereof 1s inserted into a
positive electrode connector 29 of the printed wiring board
24 for electric connection. A negative electrode lead 30 1s
connected to the negative electrode terminal 7 positioned 1n
the top layer of the battery module 23 and the tip thereof 1s
inserted 1nto a negative electrode connector 31 of the printed
wiring board 24 for electric connection. These connectors
29, 31 are connected to the protective circuit 26 through
wires 32, 33 formed on the printed wiring board 24 respec-
tively.
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The thermistor 25 detects the temperature of the unit cell
21. A detection signal thereof 1s sent to the protective circuit
26. The protective circuit 26 can cut ofl a positive-side wire
34a and a negative-side wire 34b between the protective
circuit 26 and the energizing terminal 27 under a predeter-
mined condition. The predetermined condition 1s, for
example, when the temperature detected by the thermistor
25 1s equal to a predetermined temperature or higher.
Another example of the predetermined condition 1s when an
over-charge, an over-discharge, an over-current or the like of
the unit cell 21 1s detected. The over-charge, the over-
discharge, the over-current or the like 1s detected for each of
the unit cells 21 or for the battery module 23 as a whole.
When detected for each of the unit cells 21, the battery
voltage may be detected or the positive electrode potential or
negative electrode potential may be detected. In the latter
case, a lithium electrode used as a reference electrode 1s
inserted into each of the unit cells 21. In the case of the
battery pack 20 shown in FIGS. 9 and 10, a wire 35 for
voltage detection 1s connected to each of the unit cells 21
and detection signal i1s sent to the protective circuit 26
through the wire 33.

Protective sheets 36 comprised of rubber or resin are
arranged on three side surfaces of the battery module 23
except the side surface from which the positive electrode
terminal 6 and the negative electrode terminal 7 are pro-
truded.

The battery module 23 1s housed 1n a housing container 37
together with each of the protective sheets 36 and the printed
wiring board 24. That 1s, the protective sheets 36 are
arranged on both internal surfaces 1n a long side direction of
the housing container 37 and on one of the internal surface
at the opposite side 1 a short side direction. The printed
wiring board 24 1s arranged on the other internal surface in
a short side direction. The battery module 23 1s located 1n a
space surrounded by the protective sheets 36 and the printed
wiring board 24. A Iid 38 1s attached to the upper surface of
the housing container 37.

Incidentally, a heat-shrinkable tape may be used instead of
an adhesive tape 22 1n order to {ix the battery module 23. In
this case, protective sheets are arranged on both sides of the
battery module, the heat-shrinkable tape 1s wrapped there-
around, and then, the heat-shrinkable tape 1s subjected to
heat shrinkage to bind the battery module.

Although FIGS. 9 and 10 1illustrate a mode 1n which the
plurality of unit cells 21 are connected 1n series, the plurality
of unit cells 21 may be connected 1n parallel in order to
increase a battery capacity. Alternatively, a series connection
and parallel connection may be combined. It 1s also possible
to further connect the assembled battery packs in series or in
parallel.

In addition, an aspect of the battery pack according to the
third embodiment may be suitably changed according to the
application. The battery pack 1s suitably used for an appli-
cation which requires an excellent cycle characteristic when
a high current 1s taken out. To be specific, for example, the
battery pack 1s used as a power source for a digital camera
and as a battery for a vehicle such as a two- or four-wheeled
hybrid electric vehicle, a two- or four-wheeled electric
vehicle, and an assisted bicycle. In particular, the battery
pack 1s suitably used as a battery for a vehicle.

Incidentally, the battery pack is preferably used for an
application which requires a high temperature characteristic
when a mixture solvent obtained by mixing at least two or
more kinds selected from a group including propylene
carbonate (PC), ethylene carbonate (EC), and y-butyrolac-
tone (GBL), or y-butyrolactone (GBL) 1s included in the
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nonaqueous electrolyte. To be specific, the above-described
application for a vehicle 1s exemplified.

In a vehicle having the battery pack according to the third
embodiment mounted, the battery pack 1s configured to, for

example, recover regenerative energy caused by power of 5

the vehicle. Examples of the vehicle include two to four-
wheeled hybrid electric automobiles, two to four-wheeled
clectric automobiles, electric assist bicycles, and electric
trains.

The battery pack according to the third embodiment 1s
provided with the nonaqueous electrolyte battery according,
to the second embodiment. Therefore, the battery pack
according to the third embodiment can exhibit an excellent
input and output characteristic under a high current, and
excellent cycle life characteristic.

Fourth Embodiment

The vehicle according to the fourth embodiment includes
the battery pack according to the third embodiment. Herein,
examples of the vehicle can include a hybrid electric vehicle
with two to four wheels, which uses a combination of an
internal combustion engine and a battery drive electric
motor as a running power source, an electric vehicle with
two to four wheels, which uses only the battery drive electric
motor as the running power source, an assisted bicycle in
which the battery drive electric motor 1s combined with
human power, and the like.

Power sources with a wide range of rotational speeds and
torques are required according to running conditions for
driving of an automobile. In general, internal combustion
engines are limited 1n torque and rotational speed at which
the 1deal energy efliciency 1s obtained, and thus, the energy
elliciency thereof 1s reduced 1n operating conditions other
than such a limited condition. A hybrid type automobile has
a characteristic that the energy efliciency of the entire
automobile can be improved by operating an internal com-
bustion engine thereof under an optimum condition to
generate power and further driving the wheels by a highly
cilicient electric motor, or driving an automobile by the
combined motive power ol an internal combustion engine
and an electric motor. In addition, 1t 1s possible to drastically
increase the mileage per unit fuel by recovering the kinetic
energy ol the vehicle as electric power at the time of
deceleration as compared to an automobile which runs
solely on a general internal combustion engine.

An electric vehicle (EV) runs using energy stored 1 a
battery pack which 1s charged by power supplied from the
outside of the automobile. Accordingly, such electric vehicle
can use the electric energy which 1s generated with high
clliciency using another power generation facility or the like.
In addition, the kinetic energy of the automobile can be
recovered as electric power at the time of deceleration, and
thus, 1t 1s possible to increase the energy efliciency at the
time of runmng. The electric vehicle does not discharge
carbon dioxide and other exhaust gases at all, and thus, 1s a
clean automobile. On the other hand, the motive power for
running 1s obtained entirely from the electric motor, and
thus, a high-output electric motor 1s required. In general, it
1s necessary to enable running by storing the total energy
which 1s required for one-time running in a battery pack with
a one-time charge, and thus, a battery having an extremely
large capacity 1s required. It 1s desirable to set a rated
capacity of the battery pack to be within a range of 100 to
500 Ah. A more preferable range 1s 200 to 400 Ah.

In addition, a charger having a large capacity and a
charging cable are required to charge a large amount of
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power corresponding to one-time runming during a short
period of time. Thus, 1t 1s desirable that the electric vehicle
be provided with a charging connector that connects such
members. It 1s possible to use a general connector using an
clectrical contact as the charging connector, but a non-
contact charging connector using electromagnetic coupling
may also be used.

FIG. 11 illustrates an example of a vehicle according to
the fourth embodiment. As illustrated 1n FIG. 11, an auto-
mobile 41 according to the fourth embodiment has an engine
room 1n which a battery pack 42 according to the third
embodiment 1s mounted. When the battery pack 1s installed
in the engine room of the automobile, which 1s under a
high-temperature environment, a distance from the battery
pack to an electrically driven device such as a motor or an
iverter 1s decreased, a loss 1 mput and output 1s reduced,
and fuel efliciency 1s improved. The mounting position 1s not
limited to engine rooms. For example, the battery pack may
also be mounted 1n rear parts of automobiles or under seats.

Since the battery pack according to the third embodiment
1s provided according to the fourth embodiment, 1t 1S pos-
sible to provide a vehicle such as an automobile 1n which an
clectrochemical device capable of exhibiting the input and
output characteristics under a high current, and cycle life
characteristic 1s mounted.

EXAMPL

L1

Hereinafter, the embodiments will be described 1n more
detail with examples, but the embodiments are not limited to
the Examples listed below without departing from the spirit
of the mvention.

Incidentally, measurement of an average particle diameter
ol active material particles or conductive agent particles 1s
performed using a laser diflraction-type particle size distri-
bution measuring instrument (Microtrack MT3000 manu-
factured by Nikkiso Co., Ltd.) as a device and using the
method of measuring the particle diameter that has been
described in the first embodiment.

Example 1

Manufacture of Positive Electrode

First, lithium cobalt oxide (L1CoQO,) powder of 90 mass
%, acetylene black of 3 mass %, graphite of 3 mass % and
polyvinylidene fluoride (PVdF) of 4 mass % were added, as
the positive electrode active material particles, with N-meth-
ylpyrrolidone (NMP), and the resultant was mixed to obtain
a slurry. This slurry was applied on both surfaces of the
current collector made of an aluminum foil having a thick-
ness of 15 um and an average crystal particle diameter of 30
um, and then, was subjected to drying and pressing, thereby
manufacturing a positive electrode having an electrode
density of 3.0 g/cm”.

<Manufacture of Negative Electrode>

As the negative electrode active material particles,
Nb,T10- was prepared in which an average particle diameter
of the primary particles was 1 um, an average particle
diameter of the secondary particles was 10 um and a lithium
iserting-and-extracting potential was noble by more than
1.0 V with respect to a potential of lithium metal. This
negative electrode active material particles, acetylene black
serving as the conductive material, carboxymethyl cellulose
serving as a binder, styrene-butadiene rubber serving as a
binder, and sodium carbonate serving as the pH adjusting
agent were mixed while adding pure water such that the
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mass ratio became 93:4:1:1:1, respectively, thereby prepar-
ing a slurry. Incidentally, a solution having a viscosity of
3000 mPa-s was used as a 1% aqueous solution of car-
boxymethyl cellulose. The obtained slurry was applied to an

26

manufacturing condition of the negative electrode was
changed. In addition, the average particle diameter of the

primary particles of the active material particles and the

aluminum foil having a thickness of 15 pm and an average > average particle diameter of the secondary particles in the
crystgl particle diameter of :_)’O um, and then was dned_' The negative electrode are described 1n Table 1. In Table 1, “pH”
negative electrode after drying had an electrode density of - o |
2.85 g/cm?®. In addition, an average particle diameter of the indicates a value which 1s measured according to the method
primary particles was 1 um, and an average particle diameter that has been described in the first embodiment, and “CMC
of the secondary particles was 10 pm when an average !° 104 v , P} inds , 10
particle diameter of active material particles of the negative o viscosity (mPa's)” indicates a viscosity in a 1% aqueous
clectrode was measured. solution of carboxymethyl cellulose.
TABLE 1
primary secondary CMC 1% electrode
active material particle particle pH adjusting VISCOSItY density
particle diameter (um) diameter (um) pH agent (P) (g/cc)
Example 1 Nb,Ti0, 1 10 7.4 sodium carbonate 3000 2.8
Example 2 Nb,T105 1 10 8  sodium carbonate 1000 2.8
Example 3 Nb,Ti0, 1 10 7.4 sodium carbonate 1000 2.8
Example 4 Nb,TiO- ' 10 7.6 sodium carbonate 1000 2.8
Example 5 Nb>T10 10 7.6 sodium carbonate 1000 2.8
Example 6 Nb,Ti0, 10 7.4 sodium carbonate 5000 2.8
Example 7 Nb,Ti0O+ 10 7.1 sodium carbonate 1000 2.8
Example 8 Nb,TiO- 10 7.8 sodium carbonate 1000 2.8
Example 9 Nb,T10- 10 7.8 sodium carbonate 1000 2.8
Comparative Nb,Ti0, 10 7.4 — 100 2.8
Example 1
Comparative Nb,Ti05 1 10 7 — 10000 2.8
Example 2
Comparative Nb,T105 1 10 7.5 — 1000 2.8
Example 3
Comparative Nb,Ti0O+ 1 10 7.2 — 1000 2.8
Example 4
Comparative Nb>Ti10 1 10 7.7 — 1000 2.8
Example 5
35
<Manufacture of Battery Cell> <Evaluation>
A three-electrode cell was manufactured according to the Each glass cell manufactured in Example 2 to 9 and
method to be described heremafter, and a discharge capacity Comparative Example 1 to 5 was arranged 1nside a thermo-
retention rate (output characteristic) and a discharge capac- A0 static bath at 25° C., and was subjected to an output
ity retention rate (cycle life characteristic) were measured. characteristic evaluation. Here, a charge-and-discharge test
The negative electrode was cut 1into a size of 2x2 cm, and was performed by changing a current density of a discharge
set as a working electrode. The positive electrode was cut side to 0.2, 1.0, 2.0, 3.0, 4.0 and 5.0 C while setting that of
into a size of 2x2 c¢cm, and set as a counter electrode. The a charge side to be constant at 1.0 C.
working electrode and the counter electrode were set to 45  In addition, each cell for evaluation was arranged 1nside
oppose each other with a glass filter (separator) interposed the thermostatic bath at 25° C., and was subjected to a cycle
therebetween. Further, the lithium metal was inserted, as the characteristic evaluation. A cycle test was performed by
reference electrode, 1nto to the glass filter so as not to be in setting a charge at 1.0 C and discharge at 1.0 C as one cycle,
contact with the working electrode and the counter elec- and measuring a discharge capacity at each discharge. In
trode. These electrodes were put into a three-electrode glass 50 addition, the cell for evaluation was allowed to stand for 10
cell, and each of the working electrode, the counter elec- minutes after each charge and each discharge.
trode, and the reference electrode was connected to each <Method of Measuring Pore Diameter Distribution
terminal of the glass cell. According to Mercury Porosimetry>
Meanwhile, lithium hexafluorophosphate (LiPF,) of 1 Further, a negative electrode was taken out from each
mol/L was dissolved in a solvent in which ethylene carbon- 55 battery cell after being evaluated. The taken-out negative
ate and diethyl carbonate are mixed with a volume ratio of  €lectrode was washed and dried as described above. A
1:2, thereby preparing an electrolyte. sample piece having a size of 50x50 mm was cut out from
The prepared electrolyte of 25 mL was poured on the the dried negative electrode, and the mass of the sample of
glass cell to cause the separator and the respective electrodes ~ the negative electrode according to each of Examples was
to be sufficiently impregnated with the electrolyte. In this 60 setto 1 g.
state, the glass cell was sealed, thereby manufacturing the The sample piece sampled as above was subjected to pore
battery cell. diameter distribution measurement according to mercury
porosimetry. Autopore 9520, manufactured by Shimadzu
Examples 2 to 9 and Comparative Examples 1 to 5 Corporation, was used as the measurement device of pore
65 diameter distribution. In this manner, each pore diameter

As shown 1n the following Table 1, each battery cell was
prepared 1n the same manner as in Example 1 except that a

distribution curve of a negative electrode active material
containing-layer of each electrode was obtained.
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FIG. 12 illustrates the pore diameter distribution curve
(log differential distribution curve) of the negative electrode
active material containing-layer according to Example 5
obtained by mercury porosimetry.

28

value 1n the log differential distribution curve as the peak
position. In addition, the peak intensity was calculated from
an intrusion volume of mercury.

In addition, Table 2 shows the discharge capacity reten-
tion rate (output characteristic) and the discharge capacity
retention rate (cycle life characteristic) of each cell accord-
ing to Examples 1 to 9 and Comparative Examples 1 to 5.
To be specific, the column of the discharge capacity reten-
tion rate (output characteristic) represents a relative value of
discharge capacity at each rate when a discharge capacity at
0.2 C 1s set as 100%. In addition, the column of the discharge
capacity retention rate (cycle life characteristic) represents
cach relative value of discharge capacity at the 45-th cycle
and at the 90-th cycle when a discharge capacity at the first
cycle 1s set as 100%.

TABLE 2

discharge capacity
retention rate
(cycle life characteristic)

Discharge capacity retention rate
(output characteristic)

As apparent from the pore diameter distribution curve °
illustrated 1n FIG. 12, the negative electrode active matenial
contaiming-layer according to Example 5 had a first peak
PE1 which has a maximum value within a range of 0.01 to "
2 um and a second peak PE2 which has a maximum value
within a range of exceeding 6 um and equal to or smaller
than 20 um. In addition, an intensity of the second peak PE2
was Yio to V5 of an intensity of the first peak PE1.

first peak second peak intensity
(m) (um) ratio 0.2 C
Example 1 0.09 10 1/8 100%
Example 2 0.2 10 1/8 100%
Example 3 0.4 10 1/8 100%
Example 4 0.1 6.1 1/8 100%
Example 5 0.1 10 1/8 100%
Example 6 0.1 15 1/8 100%
Example 7 0.1 10 /10 100%
Example 8 0.1 10 1/8 100%
Example 9 0.1 10 1/5 100%
Comparative 0.1 4 1/8 100%
Example 1
Comparative 0.1 21 1/8 100%
Example 2
Comparative 0.1 — 1/8 100%
Example 3
Comparative 0.1 10 1/20 100%
Example 4
Comparative 0.1 10 1/3 100%
Example 5
. 0w . . . . 40

In addition, FIG. 13 illustrates the pore diameter distri-
bution curve of the negative electrode active material con-
taining-layer according to Comparative Example 5 obtained
by mercury porosimetry.

As apparent from the pore diameter distribution curve 45
illustrated 1n FIG. 13, the negative electrode active material
contaiming-layer according to Comparative Example 5 had a
first peak PE3 which has a maximum value within a range
of 0.01 to 2 um and a second peak PE4 which has a
maximum value within a range of exceeding 6 um and equal 50
to or smaller than 20 um. However, an intensity of the
second peak PE4 was greater than 15 of an intensity of the
first peak PE3.

<Result>

The following Table 2 shows the density of the negative 55
clectrodes according to Examples 1 to 9 and Comparative
Examples 1 to 5, and the first peak and second peak, and a
proportion (intensity ratio) of an intensity of the second peak
in relation to an intensity of the first peak of the negative
clectrode active material containing-layers obtained by the 60
pore diameter distribution measurement according to mer-
cury porosimetry. The first peak and the second peak 1n
Table 2 represents each pore diameter at peak tops of the log
differential distribution.

Incidentally, a position of the peak was obtained by 65

setting a value of pore diameter (um) at a point at which a
log differential pore volume (ml/g) indicates the largest

1 C 2 C 3C 4 C 5 C leye  4dcye 90cyc
96.70% 90.30% 73.80% 58.20% 44.60% 100% &9.60% 79.60%
90.50% R89.70% 7T4.50% 57.70% 44.10% 100% R&7.30% 77.00%
96.70% 92.00% 78.40% 63.40% 48.90% 100% &9.80% 79.80%
90.50% 92.70% 79.90% 65.60% 51.50% 100% &8.10% 77.90%
96.90% 93.20% &82.90% 68.30% 353.70% 100% &9.90% 79.90%
96.70% 93.20% &81.90% 66.10% 51.90% 100% &9.70% 79.60%
01.80% &88.30% 77.00% 61.20% 47.00% 100% &5.40% 73.10%
92.00% &88.50% 77.20% 61.40% 47.20% 100% &6.40% 74.50%
03.70% 90.20% 78.90% 63.10% 48.90% 100% 90.00% 80.00%
88.10% 80.90% 65.40% 45.60% 29.80% 100% &1.40% 64.20%
84.50% 71.80% 55.50% 33.80% 13.00% 100% 64.50% 47.40%
84.50% 75.40% 51.80% 31.50% 14.20% 100% 50.40% 30.10%
86.30% 75.10% 54.00% 35.20% 16.40% 100% 59.20% 34.50%
88.40% 76.10% 61.90% 44.90% 27.40% 100% 83.40% 65.10%

It 1s understood that the excellent output characteristic and
cycle life characteristic can be achieved when the active
material particles contain the niobium titanium composite
oxide, the pore diameter distribution of the negative elec-
trode active material containing-layer obtained by the mer-
cury porosimetry has a first peak, which has the maximum
value within the range o1 0.01 to 2 um, and a second peak,
which has the maximum value within the range of exceeding
6 um and equal to or smaller than 20 um, and further, the
intensity of the second peak 1s io to U5 the intensity of the
first peak, from results shown 1n Table 2. It 1s understood that
both an excellent output characteristic and cycle life char-
acteristic can be achieved particularly when the intensity of
the second peak 1s &5 to 15 the intensity of the first peak.

On the other hand, 1t 1s understood that both the output
characteristic and cycle life characteristic deteriorate 1n any
one of the cell according to Comparative Example 1 1n
which the second peak 1s equal to or smaller than 6 um, the
cell according to Comparative Example 2 in which the
second peak exceeds 20 um, the cell according to Compara-
tive Example 3 in which the second peak 1s not present, the
cell according to Comparative Example 4 in which the
intensity of the second peak 1s lower than V1o the intensity
of the first peak, and the cell according to Comparative
Example 5 in which the intensity of the second peak exceeds
I/5 the intensity of the first peak when compared to the cells
according to Example 1 to 9.
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Examples 10 to 18 and Comparative Examples 6 to

As shown 1n the following Table 3, each battery cell was

prepared 1n the same manner as in .

Hxample 1 except that the

kind of the active material particles used 1n the negative
clectrode and a manufacturing condition of the negative
clectrode 1s changed. In addition, the average particle diam-
cter of the primary particles of the active material particles
and the average particle diameter of the secondary particles
in the negative electrode are described 1n Table 3. In Table
3, “pH” indicates a value which 1s measured according to the
method that has been described 1n the first embodiment, and
“CMC 1% viscosity (mPa-s)” indicates a viscosity 1n a 1%

aqueous solution of carboxymethyl cellulose.

Exampl
Exampl
Exampl
Exampl
Exampl
Exampl
Exampl
Exampl
Exampl
Comparative
Example 6

Comparative
Example 7

Comparative
Example 8

Comparative
Example 9

Comparative
Example 10

aa @ a @ Q@ O

gF
H Ir - L . r - L .
o0

Ry T

L

active material
particle

Li5(Srg sNag 5)Tis sNbg sO44
Li5(S1o sNag 5)Tis sNbg 5044
Li5(S14 sNag 5)Tis sNbg 5014
Li5(Stg sNag 5)Tis sNbg 5044
Li5(Srg sNag 5)Tis sNbg sO44
Li5(Stg sNag 5)Tis sNbg 5044
Li5(S14 sNag 5)Tis sNbg 5014
Li5(Srg sNag 5)Tis sNbg sO44
Li5(Srg sNag 5)Tis sNbg sO44
Li5(Srg sNag 5)Tis sNbg sO44

Li5(S1rg sNag 5)Tis sNbg 5O 14
Li5(Sry sNag 5)Tis sNbg 5014
Li5(8rg sNag 5)Ti5 sNbg 5O 14

Li5(Sry sNag 5)Tis sNbg 504

TABLE 3
primary secondary
particle particle

diameter (um)

10

10

10

10
1 10
1 10
1 10
1 10
1 10
1 10
1 10
1 10
1 10
1 10

<Manufacture of Cell for Evaluation>
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<Evaluation>

Each cell for evaluation according to Examples 10 to 18
and Comparative Examples 6 to 10 was subjected to evalu-
ation of the output characteristic and the cycle life charac-
teristic 1n the same procedure as in Example 1.

In addition, each negative electrode active material con-
taining-layer of the electrodes according to Examples 10 to
18 and Comparative Examples 6 to 10 after being evaluated
was subjected to pore diameter distribution measurement
according to mercury porosimetry in the same manner as 1n
Example 1.

<Result>

The following Table 4 shows the density of the negative
clectrodes according to Examples 10 to 18 and Comparative
Examples 6 to 10, and the first peak and second peak, and

diameter (um) pH

CMC 1% electrode
pH adjusting viscosity density
agent (P) (g/ce)

8.2 sulturic acid 3000 2.5
8.2 sulfuric acid 1000 2.5
7.7 sulfuric acid 1000 2.5
8.6 sulfuric acid 1000 2.5
7.9 sulfuric acid 1000 2.5
7.9 sulfunc acid 5000 2.5
8.1 sulfuric acid 1000 2.5
8.1 sulturic acid 2000 2.5
8 sulfuric acid 1000 2.5
7.9 sulfuric acid 100 2.5
8 sulfuric acid 10000 2.5
7.6 sulfuric acid 1000 2.5
7.5 sulfuric acid 1000 2.5
8.7 sulturic acid 1000 2.5

Each three-clectrode cell for evaluation according to 40
Examples 10 to 18 and Comparative Examples 6 to 10 was
manufactured 1n the same procedure as 1n Example 1, except
that each negative electrode according to Examples 10 to 18

and Comparative Examples 6 to 10 was used, in order to
evaluate the output characteristic and the cycle life charac- 45

teristic.

proportion (intensity ratio) of the second peak intensity in
relation to the first peak intensity of the negative electrode
active material containing-layers obtained by the pore diam-
cter distribution measurement according to mercury poro-
simetry. The first peak and second peak 1n Table 4 represent

the pore diameter at peak tops of the log differential distri-
bution.

TABL

(L]
=

discharge capacity
retention rate
(cyele life characteristic)

Discharge capacity retention rate
(output characteristic)

first peak second peak intensity

(um) (um) ratio 0.2 C
Example 10 0.09 10 1/8 100%
Example 11 0.2 10 1/8 100%
Example 12 0.4 10 1/8 100%
Example 13 0.1 6.1 1/8 100%
Example 14 0.1 10 1/8 100%
Example 15 0.1 15 1/8 100%
Example 16 0.1 10 1/10 100%
Example 17 0.1 10 1/8 100%
Example 18 0.1 10 1/5 100%
Comparative 0.1 4 1/8 100%
Example 6
Comparative 0.1 21 1/8 100%
Example 7
Comparative 0.1 — 1/8 100%

Example 8

1 C 2 C 3C 4 C 5C leye  4dcye 90cyc
98.40% 96.00% 95.10% &83.90% 71.90% 100% &5.60% 54.60%
98.60% 95.80% 94.90% 85.80% 73.80% 100% &3.30% 52.00%
08.30% 96.70% 95.40% R6.10% 74.10% 100% &5.80% 54.80%
08.70% 96.00% 93.20% R7.50% 77.50% 100% &4.10% 52.90%
08.50% 95.80% 93.40% RR.90% 78.90% 100% &5.90% 54.90%
08.20% 95.70% 94.80% &8R.60% 78.60% 100% &5.70% 54.60%
98.80% 96.30% 93.90% &86.40% 74.40% 100% &1.40% 48.10%
98.00% 96.30% 95.00% &86.40% 75.40% 100% &2.40% 49.50%
98.50% 97.00% 94.80% 89.10% 79.10% 100% &6.00% 55.00%
97.50% 92.40% &87.10% 77.70% 63.40% 100% 69.40% 39.20%
05.50% 90.80% &84.40% 72.10% 38.40% 100% 62.50% 32.40%
93.50% R6.80% 77.20% 61.50% 45.40% 100% 58.40% 25.10%



US 10,199,636 B2

31

TABLE 4-continued

Discharge capacity retention rate
(output characteristic)

32

discharge capacity
retention rate
(cycle life characteristic)

first peak second peak 1ntensity
(um) (um) ratio 02C 1C 2 C
Comparative 0.1 10 1/20 100% 94.50% 87.70%
Example 9
Comparative 0.1 10 1/3 100% 96.50% 93.40%
Example 10

It 1s understood that an excellent output characteristic and
cycle life characteristic can be achieved when the active
matenal particles contains L1,(Sr, Na, -)Ti. .Nb, O, ,, the
pore diameter distribution of the negative electrode active
material containing-layer obtained by mercury porosimetry
has a first peak, which has the maximum value within the
range of 0.01 to 2 um, and a second peak, which has the
maximum value within the range exceeding 6 um and equal
to or smaller than 20 um, and further, the intensity of the
second peak 1s Yio to %5 the intensity of the first peak, from
the results shown 1n Table 4. It 1s understood that both an
excellent output characteristic and excellent cycle life char-
acteristic can be achieved particularly 1n the cell according
to Example 18.

On the other hand, 1t 1s understood that both the output
characteristic and the cycle life characteristic deteriorate 1n
any one of the cell according to Comparative Example 6 1n
which the second peak 1s equal to or smaller than 6 um, the
cell according to Comparative Example 7 in which the
second peak exceeds 21 um, the cell according to Compara-
tive Example 8 1in which the second peak 1s not present, the
cell according to Comparative Example 9 in which the
intensity of the second peak 1s lower than /10 of the intensity
of the first peak, and the cell according to Comparative
Example 10 in which the intensity of the second peak
exceeds U5 the intensity of the first peak when compared to
the cells according to Example 10 to 18.

The negative electrode 1s provided according to at least
one of the embodiments and Examples that have been
described above. The negative electrode includes active
material particles containing at least one selected from
niobium titanium composite oxide and a composite oxide
which is expressed by the general formula Li M1, M2 Tiq
M3 O, ... The active material particles includes a primary
particles having an average particle diameter within the
range of 0.1 to 10 um and a secondary particles having an

average particle diameter within the range of 1 to 30 um. A
pore diameter distribution of a negative electrode active
material contaiming-layer which i1s obtained by mercury
porosimetry has a first peak which has a maximum value
within the range of 0.01 to 2 um and a second peak which
has a maximum value within the range exceeding 6 um and
equal to or smaller than 20 um. The intensity of the second
peak 1s V10 to 5 an intensity of the first peak.

This negative electrode active maternial contaimng-layer
can obtain both an excellent impregnation property of the
nonaqueous electrolyte and an excellent electrical conduc-
tion between the active material particles, and further, to
prevent the occlusion of pores and breakage of the negative
clectrode active material containing-layer caused by
repeated charge and discharge. As a result, the negative
clectrode according to the first embodiment can realize a
nonaqueous electrolyte battery which 1s excellent 1n the
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3C 4 C 5 C lcye  45cyc 90cyc

82.40% 69.40% 55.70% 100% 67.20% 29.50%

89.10% 79.70% 066.40% 100% 71.40% 40.10%

input and output characteristics under a high current, and
excellent cycle life characteristic.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit ol the inventions.

What 1s claimed 1s:

1. An electrode comprising: a current collector; and an
active material containing-layer that 1s formed on the current
collector and comprises active material particles containing
at least one selected from a niobium titanium composite
oxide and a composite oxide expressed by a general formula
of Li M1, M2 Tis, M3.0,, .

wherein the active matenial particles comprise primary
particles having an average particle diameter within a
range of 0.1 uym to 10 um and secondary particles
having an average particle diameter within a range of 1
um to 30 um,

a pore diameter distribution of the active material con-
taining-layer obtained by mercury porosimetry has a
first peak, which has a maximum value within a range
of 0.01 um to 2 um, and a second peak which has a
maximum value within a range exceeding 6 um and
equal to or smaller than 20 um, and an ntensity of the
second peak 1s V1o to 5 an intensity of the first peak,
(wherein, in the formula, M1 1s at least one kind which
1s selected from a group consisting of Sr, Ba, Ca, and
Mg, M2 1s at least one kind which 1s selected from a
group consisting of Cs, K and Na, M3 i1s at least one
kind which 1s selected from a group consisting of Al,
Fe, Zr, Sn, V, Nb, Ta and Mo, and

X 1s within a range of 2=x=6, y 1s within a range of O<y<1,
7 1s within a range of 0<z=6, and 0 1s within a range of
—-0.5=0=0.3).

2. The electrode according to claim 1, wherein the first
peak has a maximum value within a range of 0.09 um to 0.4
L.

3. The electrode according to claim 1, wherein the inten-
sity of the second peak 1s equal to or higher than s the
intensity of the first peak.

4. The electrode according to claim 1, wherein the average
particle diameter of the primary particles 1s within a range of
0.5 um to 5 um, and the average particle diameter of the
secondary particles 1s within a range of 3 um to 15 um.

5. The electrode according to claim 1, wherein the active
material particles contain a titanium composite oxide having
a monoclinic structure.
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6. The electrode according to claim 1, wherein a density
of the electrode is equal to or higher than 2.4 g/cm”.

7. A nonaqueous clectrolyte battery comprising:

a negative electrode which 1s obtained by using the

clectrode according to claim 1;

a positive electrode; and

a nonaqueous electrolyte.

8. A battery pack comprising the nonaqueous electrolyte
battery according to claim 7.

9. The battery pack according to claim 8, further com-
prising:

an external power distribution terminal; and

a protective circuit.

10. A battery pack comprising nonaqueous electrolyte
batteries, each of the nonaqueous electrolyte batteries com-
prising;:

a negative electrode which 1s obtamned by using the

clectrode according to claim 1;

a positive electrode; and

a nonaqueous electrolyte;

wherein the nonaqueous eclectrolyte batteries are con-

nected 1n series, 1 parallel or with a combination of
series connection and parallel connection.

11. An automobile comprising the battery pack according
to claim 8, the battery pack being arranged in an engine
room.

12. A vehicle comprising the battery pack according to
claim 8.

13. The vehicle according to claim 12, wherein the battery
pack 1s configured to recover a regenerative energy caused
by a power of the vehicle.
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